The Angstrom Laboratory in Uppsala is a centre for research and education in materials science. High resolution microscopy and lithography are essential parts of the work and the scientists wished to have a large flexible area for vibration sensitive equipment. The laboratory is built on top of 50 m loose sand and moraine. Early measurements showed that traffic in adjacent streets caused significant vibrations in the ground. A very stiff concrete slab in two storeys, supported by a pattern of concrete walls, was designed for the vibration sensitive equipment. The slab is founded 5 m below ground level without piling. Strict demands on vibrating equipment ensured low vibration levels. Measurements have showed that the slab fulfils the requirements of BBN curve E, approx. 3 pm/so In a second stage the laboratory will be enlarged to house all research and education in physics and chemistry at Uppsala University. Before the design of the new building took place transfer mobilities were measured in the present building. Thus, demands on vibrating equipment could be determined with a high degree of accuracy, i.e. maximum unbalance for fan wheels, maximum load for overhead cranes etc.
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CENTRE FOR RESEARCH IN MATERIALS SCIENCE
At the Angstrom Laboratory, Uppsala University has brought together all research and education in materials science, e.g. tribology, micro-mechanics, electronics, solid state physics and inorganic chemistry. In a second stage an enlargement will house all research and education in physics and astronomy.
A large part of the research is based on high resolution electron microscopy, down to atomic level. In electronics and micro-mechanics also high resolution lithography is used. The demands on a low vibration environment are high. During the planning of the laboratory the scientists expressed that they wished to have a large flexible area where the vibration sensitive equipment from all departments could be gathered. A part of the area should include a clean room.
Though there is lack of a generally accepted standard for demands on buildings for vibration sensitive equipment, it was decided to use the Bolt, Beranek & Newman (BBN) curves. The BBN curves are commonly used in the micro-electronics industry. For the most sensitive equipment the demand was BBN curve 0, i.e. 250 pinch/s or 0,006 mrn/s (= 60000 Ns!) per third-octave band between 8 and 100 Hz, see above the BBN D curve and that the maintenance of the streets would be crucial. The vibration from the building's own sources, such as fans and refrigerators, would of course be added. Also the scientific equipment would bring substantial levels of vibration; it can be mentioned that over one hundred vacuum pumps of a total mass of approximately 5000 kg and all at the same rotational speed will be used.
STIFF SLAB IN TWO STOREYS
The building is situated on a 50 m thick ridge of sand and moraine. Piling down to the rock ground was discussed at an early stage of the project. Apart from being an expensive measure the effect was considered to be uncertain. The solution was to build a 1500 m 2 slab in two storeys disconnected from the rest of the building, see Figure 2 . The bottom floor is made of thick homogenous concrete and on top is a thin concrete floor with a pattern of stiffenings underneath. The floors are connected with a honeycomb-like structure of concrete walls. The slab floats on a layer of broken rock and is separated from the rest of the building by a broad expansion joint. All pipes and ducts crossing the joint have been made in elastic materials.
All installations in the building were purchased with specified requirements on vibration levels. An inventory was made of all the university's equipment. Vibration isolation was prescribed for a large number of machines. Some equipment was judged to be unsuitable to install at the Angstrom laboratory. Typical driving point mobility for the low vibration slab MOBILITY MEASUREMENTS BEFORE ENLARGEMENT At present the Angstrom Laboratory part 2 is being designed. The enlargement will not be equipped with a low vibration slab. Nevertheless it will house a lot of vibration sensitive equipment and heavy vibrating machines. The risks for disturbance to the present building have been discussed thoroughly.
Since the design of the enlargement will be almost identical with the present building, measurements could be made to predict the dynamic properties with an improved accuracy. Driving point mobilities and transfer mobilities were measured with a 500 kg hydraulic exciter. From the measurement results we have been able to calculate the maximum permitted dynamic force per Hz in Angstrom part 2 and consequently the maximum permitted unbalance for fans etc. An example of calculated maximum permitted dynamic force is shown in Figure 4 . It is calculated from measured frequency response functions between the slab and a floor in the present building close to the enlargement. At some frequencies, especially above 40 Hz, the coherence is low due to background vibrations. This results in too low permitted forces at those frequencies. SUMMARY A low vibration slab has been built on top of 50m sand and moraine close to a busy street and surrounded by vibrating equipment. The concept of a stiff slab in two storeys has been very successful. By measuring transfer mobilities in the building, demands on new vibrating equipment have been determined with a high degree of accuracy.
